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Shelf lifeAbstract The postharvest changes of ﬁve promising strawberry genotypes viz. Sweet Charlie,
Festival, Camarosa, FA 008 and BARI Strawberry-1 at ambient temperature were studied under
sub tropical region during the winter season (December–April) of 2010–2011 and 2011–2012 in
Bangladesh. Irrespective of maturity stages percent fruit decay and weight of fruits were noted min-
imum in Camarosa and maximum in FA 008 up to day 4 of storage. The shelf life of fruits was max-
imum in Camarosa and minimum in FA 008 and BARI Strawberry-1 regardless of maturity stage
throughout the storage period. The TSS, total sugar and ascorbic acid content of fruits were
increased with the increase in maturity stage during the storage period. In 1/3rd and 2/3rd maturity
stages, the TSS and total sugar content were found the highest in Festival but at full maturity stage
those were recorded higher in Camarosa. The titratable acidity was noticed the highest in 1/3rd
matured fruits and gradually decreased with the increase in maturity stage as well as storage dura-
tion in all the genotypes. Ascorbic acid content of strawberry gradually decreases during the storage
period. Fully matured fresh fruits of Festival contained maximum ascorbic acid content while
BARI Strawberry-1 contained minimum ascorbic acid that was reduced after 3 days of storage.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Strawberries (Fragaria x ananassa Duch.) are rich in ascorbic
acid, secondary metabolites, simple sugars and acids (Pe´rez
et al., 1997; Wang et al., 2002) but are highly worsening, with
soft texture, high softening rate and highly susceptible to fun-
gal attack (Shin et al., 2008).
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from the point of view of consumer’s choice. Consumers judge
the quality of fresh fruits on the basis of appearance and ﬁrm-
ness at the time of initial purchase (Kader, 1999). Shelf life and
fruit qualities fully depend on maturity stages. If strawberries
are harvested before optimum maturity its shelf life is extended
but nutritive value and quality become reduced. On the other
hand, fully matured fruits of strawberry possess high nutritive
value with limited shelf life. So, it is necessary to balance
between maturity stage and nutrient content of fruits.
Strawberry is a non-climacteric fruit and harvested at dif-
ferent stages of maturity, depending on the cultivar and mar-
ket preference. However, maturity indices as well as
harvesting time mostly varied with cultivars (Kafkas et al.,
2007; Kader, 1999) and to some extent with location and
weather conditions. Unripe fruits are more prone to shriveling
and physical injuries, and have poor ﬂavour quality when ripe.
Overripe fruits become soft and mealy with insipid ﬂavour
soon after harvest. Fruits picked either too early or too late
in their season are more susceptible to postharvest physiolog-
ical disorders than fruits picked at the proper stage of maturity
(Kader, 1999). Ripe strawberries have high soluble solids, total
sugars, total ascorbic acid, and pH, and have low ﬁrmness and
acidity. Thin cell walls in strawberry fruits lead to fruit soften-
ing and high level of susceptibility to physical fruit injuries
(Kader, 1991). Strawberries are highly perishable which is
accelerated under subtropical high humid climate of Bangla-
desh. Strawberries are susceptible to fungal decay, which is
speed up under subtropical high humid climate like Bangla-
desh. As it is a new crop in Bangladesh, no information is
available on maturity stages and post harvest quality.
Temperature management during storage is the single most
important factor in minimizing the deterioration of fruit
quality and extending the shelf life of strawberry. However,
in Bangladesh most of the growers and retailers store their
product at ambient condition due to lack of cooling facility.
Storing at ambient temperature makes postharvest manage-
ment of strawberries very difﬁcult (Asrey et al., 2004), as
higher storage temperature results in higher respiration rates,
which is associated with reduction of fruit quality
(Ayala-Zavala et al., 2004). While, cultivar quality is deﬁned
by different parameters, which unitedly gives an integral pic-
ture of selected fruit. However, this research was undertaken
to examine the effect of maturity stage and cultivar on selected
qualitative parameters in strawberry fruits at ambient temper-
ature and determine the proper harvesting time so that
optimum state of their combination can be attained under
sub tropical climate.
2. Materials and methods
2.1. Site of the experiment and duration
The studies were carried out at the Fruit Research Farm of
Horticulture Research Centre in the Bangladesh Agricultural
Research Institute, (Latitude 23590 N, Longitude 90240 E,
Altitude 14.33 m), Gazipur, Bangladesh during the winter sea-
son (December–April) of 2010–2011 to 2011–2012. The area
belongs to sub-tropical zone having hot summers (May–
August) and mild winter (December–February). Cumulativemean rainfall was about 119 mm during August–May with
an average of 82.9% relative humidity. The mean maximum
and minimum temperatures during cropping period were
26.29 and 15.75 C, respectively. Soil of the experimental farm
was clay loam, having pH 6.2 (slightly acidic), which was low
in organic carbon (0.95%), very low in available phosphorus
(9 ppm) and low in potash (0.17 meq/100 g soil). The fruit
quality, chemical composition and nutritive value were evalu-
ated at the laboratory of Pomology Division, HRC and Post-
harvest Technology Division, BARI.
2.2. Treatment of the experiment
The experiment consisted of two factors which were:
 Factor A: Three maturity stages viz. 1/3rd maturity, 2/3rd
maturity and full maturity stage.
 Factor B: Five germplasm viz. BARI Strawberry-1, Sweet
Charlie, Festival, Camarosa and FA 008. Therefore, treat-
ment combinations were 15 consisting of factor A and fac-
tor B.
2.3. Harvesting
Fruits were harvested at three different maturity stages deter-
mined on the basis of colour by eye estimation. The character-
istics of different maturity stages are given below:
Stages of maturity Surface colour Days after anthesis
1/3rd maturity stage Fruit surface turns
white to pink colour
20 days ± 3 days
2/3rd maturity stage Fruit surface turns
pink to red colour
25 days ± 3 days
Full maturity stage >80% of the fruit
surface showing deep
red colour
30 days ± 3 daysImmediately after harvest, strawberries were sorted to elim-
inate damaged fruits. Fruits were selected on the basis of uni-
form size, shape and colour.
2.4. Experimental design
The experiment was carried out in a factorial completely ran-
domised design (CRD) with three replications.
2.5. Storage conditions
Uniform and more or less similar 15 fruits of each treatment
combination (three maturity stage of each germplasm) were
randomly selected for storage. Fruits were placed in each of
2 L plastic box having some holes, which were weighed before
and after keeping the fruits. Boxes were kept in ambient room
conditions (25 ± 1 C and 70 ± 5% RH). Each treatment
contained 10 boxes of strawberries and kept in a separate desk.
Three replicated boxes were observed every day up to 60% rot-
ting for collecting data.
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Data were collected from the randomly selected ﬁve fruits of
each replicate box every day. Data were recorded on the fol-
lowing parameters as described below:
(i) Loss of visual quality
The visual quality losses of fruits were determined by visual
inspection on alternate days during the storage period on the
basis of visible fruit surface damage including fungal decay.
Fruits with visible mycelia growth and/or at least 1/3 damaged
surface area including bruising, softening or easily ruptured
skin surface were removed and the loss of fruit was determined
as the percentage of the number of berries.
(ii) Weight loss of fruit
Strawberries were weighed at the beginning of the experi-
ment and thereafter every alternate day during the storage per-
iod. Weight loss was expressed as the percentage weight loss of
initial total weight.
(iii) Shelf life
Shelf life of the strawberries was determined by observing
and judging the quality parameters like rotting, shriveling,
incidence of diseases, etc. with respect to storage days. It was
detected when most of the fruits under a treatment were still
marketable.
(iv) Total soluble solids (TSSs)
Ten grams of pulp tissues was homogenised in 50 ml of dis-
tilled water for 2 min using a kitchen blender and ﬁltered
through a Whatman ﬁlter paper No. 2. The supernatant was
collected in order to measure total soluble solids using a digital
refractometer (Model NR151) and expressed as percentage.
(v) Total sugar
Total sugar content of strawberry pulp was determined
calorimetrically by the following method describe by
Jayaraman (1981).
Aliquot of 1 ml of pulp extract was pipetted into test tubes
and 4 ml of the anthrone reagent was added to each of this
solution and mixed well. Glass marbles were placed on top
of each test tube to prevent loss of water through evaporation.
Then the tubes were placed in a boiling water bath for 10 min,
and then it was removed and cooled. A reagent blank was pre-
pared by taking 1 ml of water and 4 ml of anthrone reagent in
a tube and treated similarly. The absorbance of blue–green
solution was measured at 620 nm in a colorimeter.
A standard curve of glucose was prepared from different
standard glucose solution in different test tubes containing
0.0, 10, 20, 40, 60, 80 and 100 lg of glucose respectively and
the volume was made up to 1 ml with distilled water. Then
4 ml of the anthrone reagent was added to each test tube
and mixed well. All these solutions were treated similarly as
described above. Absorbance was measured at 620 nm using
the blank containing 1 ml of water and 4 ml of the anthronereagent. The amount of total sugar present in the extract
was calculated from the standard curve of glucose. Finally
the percentage of total sugar was determined.
(vi) Titratable acidity
The titratable acidity expressed as citric acid (%) was deter-
mined by titration with 0.1 mol L1 NaOH and pH 8.1 accord-
ing to the method by Ranganna (1986).
(vii) Ascorbic acid content
For ascorbic acid measurement, 10 g pulp tissue was
homogenised in 50 ml of 3% cold metaphosphoric acid
(HPO3) using a blender for 2 min and ﬁltered through a What-
man ﬁlter paper No. 2. The clear supernatant was collected for
assaying ascorbic acid by 2,6-dichlorophenolindophenol titra-
tion following the method of Ranganna (1986). Ten millilitres
of aliquot was titrated with 0.1% 2,6-dichlorophenolindophe-
nol solution until the ﬁltrate changed to pink colour that
persisted for at least 15 s and the titration volume of 2,6-
dichlorophenolindophenol was recorded. Prior to titration
2,6-dichlorophenolindophenol solution was calibrated by
ascorbic acid standard solution. Ascorbic acid content was cal-
culated according to the titration volume of 2,6-dichlorophe-
nolindophenol and results were expressed as mg 100 g1
fresh weight.
2.7. Statistical analysis
Two year’s data of various parameters were pooled and ana-
lysed for analysis of variance according to Gomez and
Gomez (1984) with the help of MSTAT-C programme. Means
were separated using Duncan’s Multiple Range Test (DMRT).3. Results and discussion
3.1. Percent fruit decay
Fungal decay was the major contributor to the loss of straw-
berry quality and a considerable variation in percent fruit
decay was found due to various maturity stages (Table 1).
Decay of 1/3rd and 2/3rd matured strawberries during day-1
were 0.88% and 3.00%, respectively, while during day-2 those
were 10.20% and 18.60%, respectively. Decay of 1/3rd and 2/
3rd matured fruit increased thereafter and reached 66.0% and
74.0%, respectively by the day-4 of storage. Fully matured
fruit under ambient room temperatures showed 15.20% decay
during one day after harvest and 55.60% decay by the second
day of storage which sharply increased over time and reached
up to 99.40% during the day 4. Decay incidence was found
higher at fully ripe fruits than three-quarter ripe fruits
(Nunes and Morais, 2002).
The high percentage of decay loss was found in FA 008 fol-
lowed by BARI Strawberry-1 from day 1 to day 4 of storage.
At day-2 decay of FA 008 and BARI Strawberry-1 was man-
ifested with values 31.67% and 30.67%, respectively and this
decay attained 83.33% and 82.33% after day-4, which were
statistically higher than those of other germplasm. Among
the germplasm, fruits of Camarosa showed minimum fruit
Table 1 Effect of maturity stages and germplasm on percent decay and weight loss of strawberry during storage at ambient
temperature.
Treatment Percent fruit decay Weight loss (%)
Day-1 Day-2 Day-3 Day-4 Day-1 Day-2 Day-3 Day-4
Main eﬀect of maturity stages
1/3rd matured 0.88 c 10.20 c 24.40 c 66.0 c 2.58 c 4.46 c 6.00 c 7.03 c
2/3rd matured 3.0 b 18.60 b 45.80 b 74.0 b 3.56 b 7.10 b 9.85 b 11.82 b
Fully matured 15.20 a 55.60 a 87.40 a 99.40 a 4.42 a 7.58 a 11.42 a 14.56 a
Levels of signiﬁcance ** ** ** ** ** ** ** **
Main eﬀect of germplasm
BARI Strawberry-1 10.17 b 30.67 b 56.0 b 82.33 a 3.70 a 6.80 a 9.40 a 11.53 a
Sweet Charlie 5.83 c 27.67 c 52.33 c 80.0 b 3.53 b 3.00d 8.97 b 11.0 b
Festival 4.83 d 26.0 d 49.67 d 77.33 c 3.40 c 6.55 b 8.85 bc 10.82 bc
Camarosa 3.63 e 24.67 e 46.67 e 76.0 c 3.23 d 6.38 c 8.73 c 10.67 c
FA 008 11.17 a 31.67 a 58.0 a 83.33 a 3.73 a 6.87 a 9.50 a 11.67 a
Levels of signiﬁcance ** ** ** ** ** ** ** **
Interaction eﬀect of maturity stage and germplasm
1/3rd matured
BARI Strawberry-1 1.50 J 12.0 k 28.0 l 70.0 d 2.70 h 4.70 f 6.20 fg 7.10 f
Sweet Charlie 0.50 k 10.0 l 24.0 m 66.0 e 2.60 hi 4.40 g 6.00 gh 7.00 f
Festival 0.50 k 9.00 m 22.0 n 62.0 f 2.50 hi 4.30 gh 5.80 hi 6.95 f
Camarosa 0.40 k 8.00 n 18.0 o 60.0 f 2.40 i 4.10 h 5.70 i 6.90 f
FA 008 1.50 J 12.00 k 30.0 k 72.0 cd 2.70 h 4.80 f 6.30 f 7.20 f
2/3rd matured
BARI Strawberry-1 7.00 f 20.00 g 50.0 g 77.0 b 3.80 e 7.20 d 10.00 cd 12.50 d
Sweet Charlie 5.00 g 18.00 h 45.0 h 74.0 c 3.60 ef 7.10 de 9.80 de 11.50 e
Festival 4.00 h 17.00 i 42.0 i 71.0 d 3.40 fg 7.05 de 9.75 de 11.30 e
Camarosa 2.50 i 16.00 J 40.0 J 70.0 d 3.20 g 6.95 e 9.60 e 11.10 e
FA 008 8.00 e 22.00 f 52.0 f 78.0 b 3.80 e 7.20 d 10.10 c 12.70 d
Fully matured
BARI Strawberry-1 22.00 b 60.00 b 90.0 b 100.0 a 4.60 ab 8.50 ab 12.00 a 15.00 a
Sweet Charlie 12.00 c 55.00 c 88.0 c 100.0 a 4.40 bc 4.40 g 11.10 b 14.50 b
Festival 10.00 d 52.00 d 85.0 d 99.0 a 4.30 cd 8.30 bc 11.00 b 14.20 bc
Camarosa 8.00 e 50.00 e 82.0 e 98.0 a 4.10 d 8.10 c 10.90 b 14.00 c
FA 008 24.00 a 61.00 a 92.0 a 100.0 a 4.70 a 8.60 a 12.10 a 15.10 a
Levels of signiﬁcance ** ** ** ** * ** ** **
CV (%) 3.36 1.30 1.87 1.46 2.57 1.40 1.35 1.67
Figures having the same letter(s) in a column do not differ signiﬁcantly by DMRT
* Mean signiﬁcance at 1% and 5% level, respectively.
** Levels of signiﬁcance.
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attained 76.0% during the fourth day of storage which was sig-
niﬁcantly lower than those of others.
Fruit decay of all the germplasm increased sharply over the
storage period. When 2/3rd matured fruits were stored the rate
of fruit decay was higher than 1/3rd matured fruits. Consider-
ing 2/3rd matured fruits throughout the storage period, maxi-
mum decayed fruits were recorded from FA 008 which ranged
from 8.0% to 78.0% during day-1 to day-4, respectively fol-
lowed by BARI Strawberry-1 (7.0–77.0%, respectively), while
minimum was from Camarosa (2.50–70.0%, respectively).
At full maturity, FA 008 had maximum and Camarosa had
minimum fruit decay throughout the storage period. When
fully matured fruits of FA 008 were stored, only 24.0%
decayed fruits were observed at day-1 and at day-4 100% fruits
were perished. In contrast, fully matured fruits of Camarosa
showed a range of 8.0–98.0% fruit decay during day-1 to
day-4, respectively. From this study it was revealed that
percent fruit decay was the highest in fully matured fruit,
and there was a wide variation in fruit decay among thegermplasm. According to Kader (1991), as strawberry fruit
ripens, an increase in anthocyanin content is accompanied by
a decrease in ﬁrmness and chlorophyll content. The declining
effects of ﬁrmness enhance fruit rotting. Similar type of varia-
tion was observed by Kader (1991). El-Kazzaz et al. (1983)
observed a drastic increase in disease development on fruits
in the presence of 20 ppm C2H4 (ethylene), which suggests that
increased C2H4 leads to enhanced fungal decay.
3.2. Weight loss of fruits
Weight loss from the strawberries gradually increased over
time and was affected by the stages of maturity (Table 1). After
2 days of storage at room temperature (25 ± 1 C) a clear
increase in weight loss was observed. Fully matured fruits suf-
fered and had high rate of weight loss as compared to 2/3rd
and 1/3rd matured fruits. During day-2, fully matured fruit
lost 7.58% weight, while at the same time, 1/3rd matured fruit
lost only 4.46% weight, during day-4 the weight loss of 1/3rd
and fully matured fruits were 14.56% and 7.03%, respectively.
32 M.M. Rahman et al.Fruits of different germplasm under study exhibited a pro-
gressive weight loss during storage and it varied among germ-
plasm. The germplasm FA 008 had the highest rate of weight
loss as compared to those of other germplasm throughout the
storage period and it ranged from 6.87% to 11.67% during
day-2 to day-4 of storage. In contrast, fruits of Sweet Charlie
signiﬁcantly reduced the loss and it ranged from 3.0% to
11.0% during day-2 to day-4 of storage. From this study it
was revealed that Sweet Charlie, Festival and Camarosa
showed lower weight loss with a better visual quality than
those of FA 008 and BARI Strawberry-1.
Signiﬁcant variation in weight loss among strawberry germ-
plasm as well as maturity stages were found throughout the
storage period. When 1/3rd matured fruits were stored, the
weight loss varied between 2.70% and 7.20% after 1–4 days
of storage for FA 008, respectively and it ranged from 2.40%
to 6.90% after 1–4 days of storage for Camarosa, respectively.
Two-third matured fruits of FA 008 and BARI Strawberry-
1 suffered maximum weight loss during the storage period and
it was 3.80% during day-1 and 12.70% and 12.50%, respec-
tively during day-4 while Camarosa had minimum weight loss
and it was 3.20% during day-1 and 11.10% during day-4.
In the present study it was found that weight loss is higher
in fully matured berries. The highest reduction was found in
FA 008. It was 4.70% during day-1 and increased up to
15.10% during day-4 while fully matured fruits of Camarosa
lost minimum weight which was 4.10% during day-1 and
14.00% during day-4. Among the germplasm, the rate of
weight loss was higher in FA 008 and BARI Strawberry-1.
This might be due to more succulence. Harvested fruits and
vegetables continue to respire and lose water to the environ-
ment, which cannot be replaced and weight loss occurs
(Thompson, 2003). The rate of water loss is largely controlled
by the storage temperature and humidity. Possibly, high rate
of transpiration at room temperature could be the major rea-
son for higher weight loss. Kumar et al. (1999) also reported
that storage duration and temperature had signiﬁcant effect
on weight loss. Fruits of all the germplasm lost their weight
incessantly and it was noted maximum at fully matured stage.
According to Szczesniak and smith (1969), epidermis of straw-
berries consists of polygonal cell having larger stomata and
pith of strawberries consists of thin-walled cells often sepa-
rated during growth, leaving large cavities. The large cells
and thin cell walls in strawberry fruits contribute to their high
level of susceptibility to weight loss. Softening of the fruits as
they ripen involves thinning of cell walls and liquidiﬁcation of
cell contents (Szczesniak and smith, 1969; Kader, 1991) which
lead to weight loss from fully ripe fruit.
3.3. Shelf life of fruits
Shelf life of fruits varied signiﬁcantly (P 6 0.01) at different
maturity stages (Fig. 1). Fruits harvested at 1/3rd maturity
stage exhibited the highest shelf life (7.80 days), while fully
matured fruits had the lowest shelf life, which was only
2.40 days. The decrease in shelf life may have reﬂected degra-
dation and solubilization of cell wall polyuronides and hemi-
celluloses associated with fruit softening (Huber, 1984). This
result supported the ﬁndings of Shin et al. (2008) who found
that shelf life of fruit at the white tip (less matured) stage
was higher than that of the red ripe (more matured) stage.Among the genotypes, shelf life of fruits varied signiﬁ-
cantly. Fruits of Camarosa had the maximum shelf life
(5.67 days) which was statistically identical to those of Festival
(5.33 days) (Fig. 2). The fruits of BARI Strawberry-1 and FA
008 had the lowest shelf life (4.33 days) (Fig. 2). Nunes et al.
(2006) found a wide variation in shelf life of strawberry fruits
among the varieties which was in agreement with the present
ﬁndings.
Signiﬁcant differences (P 6 0.01) in shelf life of fruits were
observed for interaction effect of maturity stages and geno-
types (Fig. 3). The fruits of Festival and Camarosa harvested
at 1/3rd maturity stage exhibited the longest shelf life
(8.5 days) followed by FA 005 (8.0 days), while the fruits of
BARI Strawberry-1 and FA 008 showed the shortest shelf life
(7.0 days). At 2/3rd maturity Camarosa had the highest shelf
life (5.50 days) and BARI Strawberry-1 and FA 008 had the
lowest shelf life (4.0 days). On the other hand, fully matured
fruits of Camarosa also exhibited the highest shelf life
(3.0 days), while matured fruits of BARI Strawberry-1 and
FA 008 had the lowest shelf life (2.0 days) (Fig. 3). Shin
et al. (2008) stated the necessity of harvesting of less ripe fruit
to extend the storage period of strawberry irrespective of geno-
types. Strawberry harvested at three quarter red ripe stage can
be stored for a longer period with a better colour and ﬁrmness
than the fruit harvested at full red stage (Nunes et al., 2006).
3.4. Total soluble solids (TSS)
From this experiment it revealed that TSS content of fruits was
noted the highest (7.46%) in fully matured berries and it was
the lowest (6.13%) in 1/3rd matured fruits at fresh condition
and increased in all treatments during the storage period
(Table 2). Salamat et al. (2013) stated that, as fruit maturity
progresses and sugar content increases, total soluble solids will
also increase. The increase in soluble solid contents may be due
to hydrolysis of sucrose to invert sugars as reported by Bhatti
(1975) and Ullah (1990). The highest percentage of TSS was
obtained from fully matured fruits, followed by 2/3rd maturity
and the lowest from 1/3rd matured fruits throughout the stor-
age period. Nunes and Morais (2002) found signiﬁcantly
higher TSS in fully red than in three-quarter coloured straw-
berry. Changes in TSS at the storage period are due to respira-
tion, inversion of insoluble compounds to soluble forms and
moisture loss by evaporation (Miaruddin et al., 2011). Increase
in TSS observed in the present study is in agreement with the
report of Abdullah et al. (1985) and Tripathi et al. (1981).
The TSS percent in all the germplasm was increased during
the storage period (Table 2). The initial TSS was noticed max-
imum in Camarosa (7.33%) followed by Festival (7.27%) and
minimum in FA 008 (6.03%), during storage the increasing
trend of TSS content was similar, and after 3 days of storage
it was the highest in Camarosa (8.10%) followed by Festival
(8.07%), while the lowest TSS was found in FA 008
(7.07%). This result is in conformity with the ﬁndings of
Kafkas et al. (2007) who observed considerable variation in
TSS content among different genotypes. The maximum TSS
was noted in Osmanli (10.6%) followed by hybrid 12
(9.07%) and minimum in Camarosa (7.07%). The present ﬁnd-
ings corroborated with Cordenunsi et al. (2005) who revealed
that the effects of temperature on SSC can be affected by
cultivar.
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Figure 3 Effect of maturity stage and germplasm on shelf life of strawberry.
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tive of genotypes (Table 2). In all the germplasm, TSS was
manifested with minimum at 1/3rd matured stage and attained
maximum at fully matured stage with a similar rising tendency.
During 1/3rd maturity stage initial TSS attained the highest in
Sweet Charlie and Festival (6.50%), while it was the lowest inFA 008 (5.60%). After 3 days of storage the TSS was increased
in all the germplasm and it arrived at maximum in Festival
(7.50%), while it was minimum in FA 008 (6.80%). At 2/3rd
maturity stage, fresh fruits of Festival exhibited maximum
TSS (7.30%) followed by Camarosa (7.20%), and it was min-
imum in FA 008 (6.00%) and these TSS contents of all the
Table 2 Effect of maturity stages and germplasm on TSS and total sugar of strawberry during storage at ambient temperature.
Treatment TSS (%) Total sugar (%)
Fresh Day-1 Day-2 Day-3 Fresh Day-1 Day-2 Day-3
Main eﬀect of maturity stages
1/3rd matured 6.18 c 6.44 c 6.80 c 7.20 c 4.05 c 4.12 c 4.21 b 4.31 c
2/3rd matured 6.80 b 7.10 b 7.36 b 7.62 b 4.30 b 4.41 b 4.57 ab 4.64 b
Fully matured 7.46 a 7.70 a 7.93 a 8.28 a 4.40 a 4.60 a 4.71 a 4.80 a
Levels of signiﬁcance ** ** ** ** ** ** ** **
Main eﬀect of germplasm
BARI Strawberry-1 6.50 c 6.80 c 7.10 c 7.43 c 4.03 d 4.20 d 4.36 b 4.54 d
Sweet Charlie 6.93 b 7.23 b 7.50 b 7.83 b 4.28 c 4.43 c 4.53 ab 4.64 c
Festival 7.27 a 7.57 a 7.83 a 8.07 a 4.63 a 4.75 a 4.86 a 4.94 a
Camarosa 7.33 a 7.60 a 7.80 a 8.10 a 4.37 b 4.49 b 4.60 ab 4.71 b
FA 008 6.03 d 6.20 d 6.58 d 7.07 d 3.94 e 4.01 e 4.13 b 4.09 e
Levels of signiﬁcance ** ** ** ** ** ** ** **
Interaction eﬀect of maturity stage and germplasm
1/3rd matured
BARI Strawberry-1 6.00 f 6.30 e 6.70 f 7.10 f 3.90 k 3.95 J 4.02 4.12 h
Sweet Charlie 6.50 e 6.70 d 7.00 de 7.30 ef 4.05 i 4.10 i 4.18 4.30 g
Festival 6.50 e 6.80 d 7.20 d 7.50 e 4.40 e 4.48 e 4.58 4.65 e
Camarosa 6.30 e 6.60 d 6.90 ef 7.30 ef 4.10 h 4.17 gh 4.28 4.43 f
FA 008 5.60 g 5.80 f 6.20 g 6.80 g 3.80 l 3.88 k 3.98 4.04 i
2/3rd matured
BARI Strawberry-1 6.50 e 6.70 d 6.90 ef 7.10 f 4.00 J 4.15 h 4.35 4.65 e
Sweet Charlie 7.00 d 7.40 c 7.70 c 7.90 d 4.30 f 4.44 f 4.55 4.67 e
Festival 7.30 c 7.60 c 7.80 c 8.00 d 4.70 b 4.78 b 4.89 4.99 b
Camarosa 7.20 cd 7.50 c 7.70 c 8.00 d 4.40 e 4.52 d 4.65 4.78 d
FA 008 6.00 f 6.30 e 6.70 f 7.10 f 4.10 h 4.18 g 4.39 4.10 hi
Fully matured
BARI Strawberry-1 7.00 d 7.40 c 7.70 c 8.10 cd 4.20 g 4.50 de 4.70 4.85 cd
Sweet Charlie 7.30 c 7.60 c 7.80 c 8.30 c 4.50 d 4.75 c 4.86 4.94 b
Festival 8.00 b 8.30 b 8.50 b 8.70 b 4.80 a 5.00 a 5.10 5.18 a
Camarosa 8.50 a 8.70 a 8.80 a 9.00 a 4.60 c 4.78 b 4.88 4.92 bc
FA 008 6.50 e 6.50 de 6.85 ef 7.30 ef 3.91 k 3.96 J 4.02 4.12 h
Levels of signiﬁcance ** ** ** ** ** ** ns **
CV (%) 1.54 1.71 1.28 1.40 1.50 1.52 7.98 1.50
Figures having the same letter(s) in a column do not differ signiﬁcantly by DMRT.
‘ns’ mean signiﬁcance at 1% and non signiﬁcance at 5% level, respectively.
** Levels of signiﬁcance.
34 M.M. Rahman et al.studied germplasm attained the highest at the end of storage
and it was found maximum in Festival and Camarosa
(8.00%), while it was minimum in BARI Strawberry-1 and
FA 008 (7.10%). At fresh condition, fully matured strawber-
ries of Camarosa contained maximum TSS (8.50%) and it
was increased to 9.00% after 3 days of storage, while fresh
fruits of FA 008 contained minimum TSS (6.50%) and after
3 days of storage it was 7.30%. Salamat et al. (2013) stated
that total soluble solids were inﬂuenced by variety and stage
of maturity.
3.5. Total sugar
Total sugar content of fruits was found to be higher at full
maturity stage (4.40%) and it was increased in storage condi-
tion and attained 4.80% after 3 days of storage (Table 2).
Fresh fruits of 1/3rd maturity stage exhibited a lower total
sugar content (4.05%), while fully matured fruits exhibited
higher total sugar content (7.40%) and it was increased with
storage duration and reached up to 4.31% and 7.80%, respec-
tively after three days of storage.Fresh fruits of Festival contained the highest amount
(4.63%) of total sugar followed by Camarosa (4.37%), while
FA 008 exhibited the lowest (3.94%) total sugar content. After
3 days of storage Festival resulted in maximum total sugar
content (4.94%), while FA 008 contented minimum sugar con-
tent (4.09%). Kafkas et al. (2007) found that total sugar con-
tent of different strawberry germplasm varied signiﬁcantly and
recorded the highest (69.60 g kg1) in cv. Osmanli and the low-
est in hybrid 2 (45.00 g kg1).
Total sugar content of all the germplasm was noted mini-
mum at 1/3rd matured stage and attained maximum at fully
matured stage (Table 2). During 1/3rd matured stage, fresh
fruits of Festival exhibited a higher sugar content (4.40%) fol-
lowed by Camarosa (4.10%) and their total sugar content were
4.65% and 4.43%, respectively after 3 days of storage. Fresh
fruits of FA 008 produced a lower amount of total sugar con-
tent (3.80%) and it went up to 4.04% after 3 days of storage.
At 2/3rd maturity stage, fresh fruits of Festival had maximum
total sugar content (4.70%) followed by Camarosa (4.40%),
and it was noted minimum in BARI Strawberry-1 (4.00%).
After 3 days of storage, the total sugar content followed
Effect of maturity stages on postharvest quality and shelf-life of fruits of strawberry genotypes 35similar trend in the same germplasm i.e. Festival that showed
maximum sugar content (4.99%) followed by Camarosa
(4.78%), while the lowest was in FA 008 (4.10%). Fully
matured fresh strawberries of Festival contained maximum
total sugar content (4.80%) and it was 5.18% after 3 days of
storage, while fresh fruits of FA 008 contained minimum total
sugar (3.96%) which attained 4.12% after 3 days of storage.
Cordenunsi et al. (2005) showed the strawberry cultivar Oso
Grande, as a more stable cultivar in terms of texture up to
30% increase in total sugar during storage, this ﬁnding to some
extent supported the present investigation. Watson et al.
(2002) stated that sugar compound of strawberry varied con-
siderably between the fruits and harvests might be the reason
for apparent discrepancies between the total soluble sugar
contents.
3.6. Titratable acidity
Titratable acidity of fresh fruits was recorded higher at 1/3rd
maturity stage (0.89%) and decreased in storage and becomes
0.78% at 3 days of storage (Table 3). Fully matured fresh fruitsTable 3 Effect of maturity stages and germplasm on pH and titrata
Treatment Titratable acidity (%)
Fresh Day-1 Day-2 D
Main eﬀect of maturity stages
1/3rd matured 0.89 a 0.85 a 0.80 a 0.
2/3rd matured 0.84 b 0.81 b 0.78 b 0.
Fully matured 0.80 c 0.77 c 0.74 c 0.
Level of Signiﬁcant ** ** ** **
Main eﬀect of germplasm
BARI Strawberry-1 0.89 a 0.85 a 0.80 b 0.
Sweet Charlie 0.83 b 0.80 b 0.77 c 0.
Festival 0.80 c 0.78 c 0.73 e 0.
Camarosa 0.80 c 0.77 c 0.75 d 0.
FA 008 0.89 a 0.85 a 0.83 a 0.
Levels of signiﬁcance ** ** ** **
Interaction eﬀect of maturity stage and germplasm
1/3rd matured
BARI Strawberry-1 0.93 a 0.90 a 0.84 ab 0.
Sweet Charlie 0.88 b 0.86 bc 0.82 bc 0.
Festival 0.83 c 0.78 ef 0.71 gh 0.
Camarosa 0.88 b 0.83 d 0.79 d 0.
FA 008 0.93 a 0.88 ab 0.85 a 0.
2/3rd matured
BARI Strawberry-1 0.88 b 0.85 cd 0.80 cd 0.
Sweet Charlie 0.83 c 0.78 ef 0.75 ef 0.
Festival 0.80 d 0.78 ef 0.75 ef 0.
Camarosa 0.79 d 0.77 f 0.75 ef 0.
FA 008 0.89 b 0.86 bc 0.84 ab 0.
Fully matured
BARI Strawberry-1 0.85 c 0.80 e 0.76 e 0.
Sweet Charlie 0.78 de 0.76 f 0.73 fg 0.
Festival 0.76 ef 0.77 f 0.73 fg 0.
Camarosa 0.74 f 0.72 g 0.70 h 0.
FA 008 0.85 c 0.80 e 0.79 d 0.
Levels of signiﬁcance ** ** ** **
CV (%) 2.97 2.66 2.60 2.
Figures having the same letter(s) in a column do not differ signiﬁcantly b
‘ns’ mean signiﬁcance at 1% and non signiﬁcance at 5% level, respective
** Levels of signiﬁcance.showed lower titratable acidity (0.80%) and it reached 0.72%
after three days of storage. In a previous study, similar results
were obtained with strawberry stored at 10 and 20 C temper-
ature (Nunes and Morais, 2002).
The fresh fruits of BARI Strawberry-1 and FA 008 attained
a higher titratable acidity (0.89%) and after 3 days of storage it
was 0.78% in BARI Strawberry-1 followed by FA 008
(0.81%), compared to a lower titratable acidity (0.80%) in
fresh fruits of Festival and Camarosa. After 3 days of storage,
titratable acidity of Festival was 0.71% and 0.74% in Cama-
rosa. Kafkas et al. (2007) recorded a signiﬁcant variation in
titratable acidity of different strawberry germplasm, where
hybrid 5 exhibited the highest (0.973%) and hybrid 6 exhibited
the lowest (0.602%) titratable acidity, which corroborated the
results of the present investigation.
The titratable acidity of all the germplasm was manifested
with maximum at 1/3rd matured stage and decreased gradually
and became minimum at fully matured stage. During 1/3rd
matured stage, fresh fruits of BARI Strawberry-1 and FA
008 show a higher titratable acidity (0.93%) and after 3 days
of storage FA 008 had 0.83% titratable acidity, followed byble acidity of strawberry during storage at ambient temperature.
Ascorbic acid (mg/100 g)
ay-3 Fresh Day-1 Day-2 Day-3
78 a 63.60 b 64.60 b 64.90 b 63.00 a
77 b 68.40 a 68.30 ab 66.80 a 63.00 a
72 c 72.40 a 71.20 a 67.80 a 59.60 b
** ** ** **
78 b 59.00 c 58.67 d 57.17 d 50.33 d
75 c 72.00 ab 72.00 ab 71.33 a 67.00 a
71 e 75.00 a 733 a 72.83 a 68.33 a
74 d 68.00 b 68.00 bc 66.83 b 63.67 b
81 a 66.67 b 66.17 c 64.33 c 60.00 c
** ** ** **
82 a 54.00 55.00 56.00 e 54.00 gh
79 bc 68.00 69.00 70.00 c 68.00 bc
70 e 70.00 71.00 69.50 c 65.00 cd
77 c 64.00 65.00 65.00 d 65.00 cd
83 a 62.00 63.00 64.00 d 63.00 de
81 ab 60.00 59.00 56.50 e 52.00 h
74 d 72.00 73.00 74.00 ab 70.00 ab
73 d 76.00 77.00 75.00 a 73.00 a
74 d 68.00 67.00 64.50 d 60.00 ef
82 a 66.00 65.50 64.00 d 60.00 ef
72 de 63.00 62.00 59.00 e 45.00 i
72 de 76.00 74.00 70.00 c 63.00 de
70 e 79.00 78.00 74.00 ab 67.00 b-d
70 e 72.00 72.00 71.00 bc 66.00 cd
77 c 72.00 70.00 65.00 d 57.00 fg
ns ns ** **
52 6.92 5.50 2.93 3.64
y DMRT.
ly.
36 M.M. Rahman et al.BARI Strawberry-1 (0.82%). Fresh fruits of Festival recorded
a lower amount of titratable acidity (0.83%) and it was 0.70%
after 3 days of storage. At 2/3rd maturity stage, titratable acid-
ity was found higher in the fresh fruits of FA 008 (0.89%) fol-
lowed by BARI Strawberry-1 (0.88%), and lower titratable
acidity resulted in Camarosa (0.79%). After 3 days of storage
the titratable acidity was noted the highest in FA 008 (0.82%)
followed by BARI Strawberry-1 (0.81%) and was noted the
lowest in Festival (0.73%). Fully matured fresh strawberries
of BARI Strawberry-1 and FA 008 contained maximum titrat-
able acidity (0.85%) and after 3 days of storage FA 008 exhib-
ited the highest titratable acidity (0.77%) followed by BARI
Strawberry-1 and Sweet Charlie (0.72%), while fully ripe fresh
fruits of Camarosa contained minimum titratable acidity
(0.74%) which was reduced to 0.70% after 3 days of storage.
3.7. Ascorbic acid content
The ascorbic acid content of fresh fruits was recorded the high-
est at fully matured stage. Strawberry contained 72.40 mg
ascorbic acid per 100 g of pulp and it was decreased in storage
and reached 59.60 mg 100 g1 after 3 days of storage. Fresh
fruits of 1/3rd maturity stage contained minimum amount of
ascorbic acid (63.60 mg 100 g1) and it was increased with
storage and reached maximum in 2nd day of storage
(64.90 mg 100 g1) then decreased and it became 63.0 mg
100 g1 in the 3rd day of storage.
The ascorbic acid content of fresh fruits of Festival was
noted to be the highest (75.00 mg 100 g1), followed by Sweet
Charlie (72.00 mg 100 g1), while fresh fruits of BARI Straw-
berry-1 had the lowest ascorbic acid (59.00 mg 100 g1). The
ascorbic acid content of fruits gradually decreased in storage
and after 3 days of storage, fruits of Festival contained maxi-
mum ascorbic acid (68.33 mg 100 g1) followed by Sweet
Charlie (67.00 mg 100 g1), while BARI Strawberry-1 con-
tained minimum ascorbic acid (50.33 mg 100 g1) at 3rd day
of storage. Haffner et al. (1997) found a wide variation in
ascorbic acid content which ranged from 30 to 70 mg
100 g1 in ﬁfteen strawberry cultivars, while change in ascorbic
acid content during storage on different germplasm is in agree-
ment with Lee and Kader (2000) and Wills et al. (1984).
According to Lee and Kader (2000), cultivar type can be an
important factor affecting vitamin C content.
Ascorbic acid content of all the germplasm attained mini-
mum at 1/3rd matured stage and maximum at fully matured
stage. Irrespective of germplasm, 1/3rd matured fruits of
strawberry exhibited a minor change in ascorbic acid content
during storage. The ascorbic acid content in fresh fruits
increased slightly up to 2nd day of storage after that it
decreased. During 1/3rd maturity stage, fresh fruits of Festival
showed high amount of ascorbic acid (70.0 mg 100 g1) fol-
lowed by Sweet Charlie (68.00 mg 100 g1) and after 3 days
of storage the highest amount of ascorbic acid was recorded
in Sweet Charlie (68.00 mg 100 g1).
On the other hand, the fresh fruits of BARI Strawberry-1
showed lower amount of ascorbic acid (54.00 mg 100 g1)
and it was slightly increased up to 56.00 mg 100 g1 after
2 days of storage. At 3 days of storage 100 g fruits of BARI
Strawberry-1 contained 54.00 mg ascorbic acid. At 2/3rd
maturity stage, fresh fruits of Festival exhibited the highest
ascorbic acid content (76.00 mg 100 g1) followed by SweetCharlie (72.00 mg 100 g1), compared to minimum in BARI
Strawberry-1 (60.00 mg 100 g1). After 3 days of storage the
ascorbic acid content of fruits exhibited similar trend and the
same germplasm i.e. Festival exhibited maximum ascorbic acid
content (73.00 mg 100 g1) followed by Sweet Charlie
(70.00 mg 100 g1), while it was the lowest in BARI Straw-
berry-1 (52.00 mg 100 g1). Fully matured fresh strawberries
of Festival contained maximum ascorbic acid content
(79.00 mg 100 g1) and it was 67.00 mg/100 after 3 days of
storage, on the contrary fully ripe fresh fruits of BARI Straw-
berry-1 contained minimum ascorbic acid (63.00 mg 100 g1)
which was reduced to 45.00 mg 100 g1 after 3 days of storage.
Otta (1984) found that the ascorbic acid was decreased (65–
44 mg/100) in the samples stored at room temperature. The
decrease in ascorbic acid was due to prolonged storage at high
temperature. Cordenunsi et al. (2005) stated the ﬂuctuations in
the ascorbic acid content, and observed that ascorbic acid syn-
thesis took place during the storage period. Room tempera-
ture-stored Campineiro and Oslo Grand fruits showed no
signiﬁcant change in ascorbic acid content while Dover showed
a distinct decrease.4. Conclusion
Considering weight loss, fruit decay and change in nutritive
value during storage, it was concluded that fruits of the germ-
plasm under study harvested at 2/3rd maturity stage was suit-
able for storing at room temperature up to 3 days. One third
matured fruits showed a longer shelf life under room temper-
ature but the quality degraded. The decay of fruit and reduc-
tion of ascorbic acid content were more pronounced at fully
matured stage, on the other hand weight loss of fruits occurred
sharply when harvesting was done at 1/3rd maturity stage,
regardless of germplasm.References
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